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Introduction
Payment systems have evolved over time as modern economies are becoming more and more dependent on the services they provide. Their key role in the financial infrastructure is changing from being used to discharge large financial market payment obligations, to becoming an important service provider not only for all kinds of businesses, but also for individuals. The technological innovation and the increased awareness of cost savings from electronic payments are among the main drivers for changes in the payment service industry. Ongoing innovation is likely to diversify even more payment types competing on the consumer service level, whereas efficiency and cost reduction could be the main reasons for integration of payments processing and settlement. The development of those processes with opposite directions, diversification and integration, differ across countries. For instance, in the European Union, despite specific country requirements and payment services preferences, the need for international integration has driven the creation of two payment platforms -the cross border financial infrastructure, the Single Euro Payments Area (SEPA) and the Large Value Payment System (LVPS) TARGET2, which nowadays are among the most advanced examples of standardization and process integrations [14] .
In this context, it is worth it to highlight the fact that the volume of direct credit transactions has experienced important growth in the last few years. In Canada, for instance, the volume of direct credit transactions rose from 857.3 million in 2005 to 1,201 million in 2010, overcoming the annual volume of check transactions since 2009 and nowadays is the second instrument in terms of relative importance, after payment cards, according to [ 8, 9] . In another example, in the Euro area the use of credit transactions is also growing, even though this payment method there is the third in relative importance. It rose from 12,391 million reported for 2001 to 16,187 million reported form 2010 according to [11] . In Mexico, even though on a different scale in the volume, electronic retail payments have grown significantly. In 2002 there were 884 million non-cash transactions including checks, card payments (credit and debit cards) and electronic transactions (direct credit and direct debit), whereas in 2010 the number rose 1.6 times to 2,300 million transactions 1 . This tendency could have two possible consequences, which need to be considered. The first is the growing demand for urgent small payments and the second is the increased aggregated value of the transactions, which with time could become systemically important. Adding to those two factors the necessity of cost reduction, it could be that in the near future, real time high-value payments and low value electronic payments may be settled together. To achieve this, due to the volume of transactions settlement engines need to ensure highly efficient liquidity usage with the guarantee that retail payments do not delay time sensitive payments that settle important financial market obligations. In this line of research, mainly the efficient use of liquidity, several studies have been developed in the last decades among which are [3, 7, 10] . To that end, payment systems need to establish timely and liquidity-efficient operational rules, which will allow the settlement of a high volume of retail payments with minimum pressure on intraday liquidity usage. This issue has become in the last decade a central bank policy concern, not only because central banks usually are operators of the LVPS, but also from the perspective of the regulator [4, 13, 15, 16] . SIX Interbank Clearing SIC (the Swiss Interbank Clearing System), with volume of 394.7 million transactions reported for 2010, is the best known example of a LVPS that processes retail payments [9] . Also, other countries like the Czech Republic, Serbia, Slovakia, Turkey, Ukraine and Mexico use one system to settle wholesale payments and low value payments together [2] . In Mexico, a significant number of low value direct credit transactions between banks goes through a Real Time Settlement Payment System, SPEI, together with the settlement of large value payments. The system is operated by the Mexican Central Bank and it settles payment orders in real time, charging its participants a 0.50MXN per payment. In 2010 it processed 80.1 percent of the volume of the Large Value Payments in the country, according to [9] . SPEI processes, on average, around 500,000 operations daily. More than 80% of the transactions are payments with value lower than 100,000 MXN and, only 1.3% of the transactions are above 10,000,000 MXN.
One of the most important advantages in using real-time gross settlement (RTGS) systems for settling Large Value payments is the elimination of settlement and credit risk that could arise between participants (further referred to also as banks) in deferred net settlement systems [5] . Nevertheless, as a consequence, RTGS systems require relatively large amounts of intraday liquidity to support payment obligations, in comparison with deferred net settlement systems. This liquidity can be sourced from the participant's funds, usually in the form of intraday overdrafts obtained from the RTGS operator (the central bank) or from incoming payments from other participants. In that way, by delaying payments the banks' behavior determines the underling structure of the payment instructions' settlement.
In the present study our interest is focused on participants' decisions to delay payment orders, with the assumption that individual liquidity usage is determined by the size and urgency of the payment transactions [20] . Nevertheless if urgency is not strictly demanded, the delay in the settlement of payment orders could reduce the level of individual liquidity usage. Here, it is important to clarify that if banks do not know in advance the size and the time of incoming payments (which is our assumption), the delay of payments could be a signal that the participant would like to rely on the incoming payments to settle her own obligations [5, 12, 19] . However, given the complex interdependence game among banks and the operational rules in place in the particular payment systems, delaying payment orders does not necessarily imply less liquidity usage per participant. Furthermore an unbalanced interdependency among banks could raise concerns about the level of settlement risk triggered by individual behavior, which eventually could turn out to have systemic consequences. In this context operational rules could play a crucial role to avoid having participants depend excessively on incoming payments for settling their own obligations. Nevertheless before a proper framework to evaluate the participants' behavior is established, we believe that better understanding of the banks' intraday liquidity management is required and in particular we are interested in ascertaining which factors are taken into account in the delay of payments.
To that end, in the present paper, in order to get further insights on the motivation behind participants' decisions to delay payments, we analyze a set of SPEI payment orders. Continuing with the line of study presented in [1] , in which the authors analyze intraday liquidity management from a more general perspective, here our aim is to study how the delay of settling payment obligations is related to the different size and volume of the transactions. In particular given that SPEI settles together wholesale and retail payments, we have the opportunity to evaluate the payment delay , when settling in real time a large number of low-value payment transactions. We use payment transactions from April 7 to May 7, 2010 sent to SPEI from 9:00 a.m. to 17:00 p.m. The data for each payment transaction includes payer, payee, transaction amount, time of reception and time of settlement. The currency used is Mexican Pesos MXN 2 . For our analysis, we perform two case studies. The first is an empirical study and is presented in two parts. The second is performed in a simulation environment. The rest of the paper is organized as follows: in the next section we briefly present the notation used for our study. Following that, in section 4 are the results obtained in the first part of our empirical study. Afterwards in section 5 we present the second part of the empirical study and in section 6 the results obtained from the simulation study. Finally, in section 7 we conclude with our mayor findings and suggestions for future research.
Structure and Notation
In this section we describe the variables used to measure the settlement delay. For each case study we measure the delay differently, but before we explain how we do that, let us start with a brief explanation of how the study is organized together with some of the operational rules of SPEI.
For the empirical study we divide the transactional data into four subsets, according to the value of the payment orders. The first subset contains the transactions with value lower than 100 MXN 3 . The second subset includes payments with value between 100 and 1,000 and the transactions with value equal to 100. The third subset contains payment requests with value between 1,000 and 10,000 and transactions with value equal to 1,000. Finally, the fourth subset includes payment orders with value higher than or equal to 10,000.
In the first part of this study we evaluate the impact of the payments delayed on the level of intraday liquidity usage. We start by showing the general picture of the transactional data; i.e., on a daily basis we present for each subset of payment instructions a histogram of transactions, a time structure of all payments and a time structure of delayed payments. This includes the average time of delay per payment, the aggregated time of delay, the average amount per transaction and the aggregated level of value of payment orders. In the second part of the empirical study we focused more specifically on the delayed payments. For each subset of transaction previously defined, we calculate the daily average time of delay, the daily proportion of payment instructions delayed and the daily average amount of transactions. In order to determine the difference among the four subsets, we compare the statistical measures obtained.
In the second case study, in order to evaluate the overall impact of the postponed payments, we define a specific measure 4 , which represents on the aggregated level millions of MXN per minute delayed. For that reason we divide the data into four subsets, but this time in the following way. The first subset contains all payments, the second includes transactions with values higher than or equal to 100 MXN, the third contains payment orders with value higher than or equal to 1,000 MXN and finally the fourth subset includes transactions with value higher than or equal to 10,000 MXN. In a simulation-based environment reproducing the operational conditions of SPEI, we process each subset of transactions separately. We then make a comparison between the first set (all payments) with each one of the rest of the subsets. In order to compare the calculated delay more accurately, we always consider for our analysis the same set of transactions. Thus from the first subset (all payments) only those higher value payments, which are included in the compared subset are present in the benchmark value. In other words, for the set of all payments, we calculate three times -for the transactions with value higher than 100 MXN, for the payment orders with value higher than 1000 and finally for the payment instructions with value higher than 10000. We compare the specific obtained for each subset with the corresponding of the first subset.
3 From now on all references to the value of the payment transactions are in thousands, at least, unless stated otherwise. 4 For details of how we calculate the delay in millions of MXN per minute, see equation (1) .
Regarding the operational rules of SPEI, the system receives payment instructions continuously during the day, which are placed in a queue. It closes operations at 17:35 and starts processing payments for the next working day at 19:00. During operation time, a settlement process (SP) is executed at the latest 20 seconds after receiving a new payment. Payment instructions, which are not settled in a certain SP are kept in the queue and are considered for settlement in the subsequent processes. After execution of the latest SP before the operation is closed, payments in the queue are cancelled.
The intraday liquidity needed to support payment obligations, can be sourced from the participant's funds, usually in the form of intraday overdrafts obtained from the RTGS operator (the central bank) or from incoming payments from other participants. The latter allows banks to recycle liquidity in order to offset outgoing payment instructions [6, 17, 20] . That way the liquidity cost of making payments is reduced, as participants avoid incurring overdrafts from the central bank, which requires pledging collateral or maintaining high quality securities (government debt) for repos. In other words, the amount of liquidity used depends among other factors on the time of sending payment orders and on the particular sequence and size of the transactions, which are strategic decisions by the participants (for more detailed analysis of the factors determining the liquidity usage see 19) . In that way, in order to efficiently use the different sources of liquidity, the intraday liquidity management consists of a careful scheduling of the settlement of payment orders throughout the day [5] .
Nevertheless the information revealed from the transactional data we use does not reflect for how long the payments sent to SPEI have been at the participants' own queue. We can only observe from the data the difference between the reception and settlement time of each payment. According to the operational rule of SPEI, the reason why a payment is not settled in the next SP after reception is because either funds are not available in the sender's account to cover, or there are no incoming payments to offset the payment request.
In order to measure the settlement delay, let be the set of payments received and processed by SPEI in one day and be the set of participants in SPEI such that is a payment in from the participant to participant ; is the sum of minutes passed from the first SP launched immediately after the reception of the payment instruction until its settlement 5 ; is the amount in MXN of . The settlement process is performed either every 20 seconds or after the reception of 300 payments, whichever happens earlier. For the propose of our analysis, we consider that regardless of the reason, the payment is delayed if , which means that there were at least three or more settlement processes before the payment finally was settled.
In our second study case, the aggregated delay of settlement during one day, measured in terms of billions of Mexican pesos in one minute, is defined in the following way:
∑ ( )
It is worth highlighting that if the funds of the participants are sufficient to settle every in the next SP launched immediately after the reception then =0.
In order to perform this test we need to define the minimum required level of intraday liquidity. In Large Value Payment Systems, the term intraday liquidity is used to define the funds that the participants have to cover their payment obligations during one day. Those funds come primary from two sources: firstly participants' resources from previous balances or electronic transactions from other payment systems and secondly from payments received during the day from the rest of the participants. For our study, we establish the minimum required level of liquidity in terms of participants' resources. To that end, we have defined several measures listed in what follows. First, for each the intraday payment orders sent are defined as: ∑ whereas the received payments are denoted as:
as the lower required level of liquidity for settlement during the day per participant, which is determined as follows:
How volume and value is related to the delay of payments
In this section we present the histogram and the time structure of the volume of transactions for each subset previously defined as well as the corresponding time structure of the delayed payments. With the aim of distinguishing specific characteristics of banks' strategies related to the way participants are sending payment requests to SPEI, in what follows we list the behavior patterns observed for each subset of payments. For this analysis we have organized the data according to the value of the transactions, as previously defined: the first subset contains the transactions with value lower than 100 MXN, the second subset includes payments with value between 100 and 1,000 and the transactions with value equal to 100, the third subset contains payment requests with value between 1,000 and 10,000 and transactions with value equal to 1,000, and finally the fourth subset includes payment orders with value higher than or equal to 10,000. In all figures in this and in the next sections the studied period is presented with 23 different gray tones used for each day. We have used We observe in subfigure 1(a) that under normal operational conditions there are certain patterns in the way participants sent payment orders with value lower than 100. In particular, given the average and standard deviation calculated per day of the week presented in the first two rows in table 3, we can say that there is a weekly periodicity in such a way that Fridays the transaction volume is higher than the rest of the week, whereas Tuesday is the day with lower volume 7 . In comparison with the daily average and standard deviation presented in table 3, the weekday average calculated for Monday, Tuesday and Wednesday is lower than the overall daily average presented in table 3, whereas the standard deviation observed for each of the days of the week presented in table 2 is smaller than the standard deviation reported in table 3. Furthermore, Monday and Wednesday present the same average. In addition, the peak in terms of transaction volume observed in subfigure 1(a) corresponds to the last working day of the month, which is considerably higher than the rest. Finally we notice that the volume of low value transactions presented in the first decile of the histogram is above 100,000 transactions daily, which is significantly higher than the rest of the histogram's deciles. With respect to the time structure of payments with value below 100 presented in subfigure 1(b), a different regularity is observed. The volume of low value payments reported per hour is considerable throughout the day. The hour with the highest volume of transactions is between 13:00 and 14:00, followed by the transactions sent between 14:00 and 15:00. This observation could be an indication that participants prefer to send low value payments during the afternoon hours. Regarding the time structure of the payments delayed shown in subfigure 1(c), regularity on a daily basis is not observed. We also notice that on certain days the number of delayed payments is significantly higher than others. According to the total and hour correlation coefficient between the number of transactions and the number of payments delayed presented in table 4, we can say that for this subset of transactions the hour with the highest number of payments delayed is between 15:00-16:00 and 16:00-17:00 followed by 9:00 and 10:00, whereas a negative correlation is observed for the hours between 10:00-11:00 and between 13:00 and 14:00. Finally we observe in subfigure 1(b) that the highest volume of payment transactions is between 13:00 and 14:00.
Next, let us look at Figure 2 , in which the transactions with value between 100 and 1000 MXN are presented. In particular, as in the previous case in subfigure 2(a) the histogram of the number of payment orders is shown. In this subfigure a similar weekly regularity is observed, which is consistent with the weekday average and standard deviation presented in Regarding the time structure of the payment transactions presented in subfigure 2(b), a regularity per hour is clearly observed, with the highest volume of transactions reported at 13:00-14:00 and then at 14:00-15:00. We notice that in comparison with subfigure 1(b), here the volume observed between 9:00 and 11:00 is lower than the volume of transactions from the rest of the day before 16:00. With respect to the hourly structure of the delayed payments shown in subfigure 2(c), we observe that across days and hours the number of delayed payments varies. We focus our analysis on the hours before 16:00 and notice that between 15:00 and 16:00 is the hour with the largest number of payment delays, and the hour which also presents the highest correlation coefficient listed in table 4. In that table, for this subset of transactions a negative correlation is observed again between 10:00 and 11:00 and between 13:00 and 14:00. In addition, in this case the highest volume of payment orders observed in subfigure 2(b) is between 13:00 and 14:00.
In figure 3 we present the subfigures corresponding to the subset of transactions with value between 1,000 and 10,000 MXN. In this case the picture observed changes with comparison to the previous two figures. Accourding to the data presented in table 2, the differences among the weekday averages is not that substantial, with the exception of Fridays, in which the highest volume of transactions is reported.
(a) (b) (c) Figure 3 . Transactions with value between 1000 and 10000 MXN Nevertheless, in subfigure 3(b) the pattern in the time structure of the transactions is similar to the one observed in subfigure 2(b), but in this case the highest vulume of the payment orders is observed between 13:00-14:00 and between 12:00-13:00, and the daily volume is steady. Regarding subfigure 3(c), in which the time structure of delayed payments is reported differently from the previously described subset of transactions, here the payment delay is observed on a daily base. Nevertheless, the total correlation coefficient presented in table 4 is the lowest among the four subsets. Furthermore, for this case during the day we observed three hours with negative correlation coefficients. In the previous two cases, the negative correlations are observed between 10:00 and 11:00 and between 13:00-14:00. Here in addition, a negative correlation is also observed between 14:00 and 15:00. Finally the graphs obtained from the subset of transactions higher than 10,000 are presented in figure 4 . For this case in subfigure 4(a) we observe a different histogram compared to the previous subsets. In this subfigure, the majority of payments are concentrated in the first decile and the way payments are sent throughout the week does not follow a pattern. This observation is supported by the weekday average presented in table 2, in which no significant difference is observed among the averages of the days of the week. In subfigure 4(b) we notice that the time structure of sending payments is different from the previous three cases. We observe a clear tendency for participants to send large value payments during the morning operational hours. Furthermore as shown in subfigure 4(c) and in table 2 the number of delayed payments is correlated with the volume of the payment sent. This high level of correlation (above 0.70) is not present in the subsets of transactions with lower values. Consequently, the total correlation coefficient is the highest for the payment transactions with value higher than 10,000 MXN,. We can also say that the delay of payments is implemented on a daily basis, but there is no regular pattern in terms of number of payments per day. Among hours before 16:00, the hour with the lowest number of payment delays is between 13:00 and 14:00, but in this case the correlation is not negative, as in the previous three cases.
In order to finalize the observation made in this section, based on our analysis we can conclude that the way payments are sent to SPEI depends on the value of the payment request. In general we observe that participants' behavior is not random with the highest volume of transactions observed on Fridays and the lowest on Tuesdays. Looking at the volume of transactions throughout the different days of the week, according to the data presented in table 2, we can say that payments with value lower than 1,000 follow similar patterns, whereas the volume of payment orders with value higher than 1,000 is steady on different days.
On the other hand, the intraday data included in this section allows us to study the way payments are sent throughout the day, for which we can visualize three patterns: Payments with value lower that 1,000 MXN. The highest volume processed of those payment orders is observed between 13:00 and 15:00 (please refer to figures  1(b) and 2(b) ). In addition, those transactions in general do not have a high correlatation between the number of payments delayed and the number of payments processed (it is around 0.17). Furthermore, this corelation is negative for the hours 10:00 to 11:00 and 13:00 and 14:00. Finally, during the day the highest values of this correlation are observed between 15:00 and 17:00 (please refer to table 4). Payments with value between 1,000 and 10,000 MXN. In this case the highest volume of transactions processed is oberved between 12:00 and 14:00 (please see figure 3(b) ). Furthermore, this set of transactions in general has the lowest correlation between delayed payments and number of payments processed. During the day, this correlation is negative between 10:00 and 11:00, 13:00 and 14:00 and also between 14:00 and 15:00, whereas the highest level is observed between 15:00 and 17:00 hours as presented in table 4. Payments with value higher than 10,000 MXN. The highest volume of those transactions is processed between 9:00 and 12:00 (please refer to figure 4(b) ). Further, this set in general has the highest correlation between delayed payments and number of payments processed, and the correlation is possitive throughout the day. In particular between 9:00 and 12:00 the value of this correlation is above 0.7 and it is high also between 15:00 and 17:00, as we see in table 4.
Measuring the delay in terms of time, volume and amount
In order to go further in our analysis, we present in this section three additional measures of the delayed payments calculated for each of the four subsets of transactions defined in the previous section. The measures are calculated on a daily basis and are as follows: the average time of delay per payment order, the proportion of payments delayed per volume of the subset transactions, and the average amount per payments delayed. The results of those calculations are presented in figure 5 . In subfigure 5(a) we present the average time of delay per transaction calculated for each subset, whereas in table 5 some general statistics are listed regarding this measure. We observe in table 5 that the statistics reported for payment orders with value lower than 100 and between 100 and 1,000 have very similar characteristics, in particular the average, the minimum and the maximum. Regarding the transactions with value between 1,000 and 10,000, we can say that the maximum time of delay is the lowest among the four subsets. This observation goes along line presented in the previous section, in which we said that this subset of transactions reported the lowest number of payments delayed. Finally regarding the transactions with value higher than 10,000, we observe that those payments on average spend more time waiting to be settled and the minimum and maximum time of delay is considerably higher than for the rest of the transactions. Next, in subfigure 5(b) we present the proportion of the number of payments delayed in comparison to the total volume of transactions. In table 6 and 7 are shown the general statistics regarding the number of payments delayed and the proportion of the number of payments delayed, respectively. We observe in subfigure 5(b) that the patterns of payment instructions with value lower than 100 and instructions with value between 100 and 1,000 are very similar. With respect to the subset of transactions with value between 1,000 and 10,000, we notice an increase in the proportion of payments delayed, but the share is still considerably lower than the proportion of payment orders delayed in the subset of transactions with value higher than 10,000. This subfigure and the data presented in table 7 clearly show that payments with value lower than 1,000 follow similar patterns, presenting the lowest proportion of delayed payments (on average 0.0043 and 0.0056 respectively). In addition we observed that the proportion of delayed payments doubled for the subset of transactions with values between 1000 and 10000 (on average 0.0106), and increased significantly -six times -for the payments with value higher than 10,000 (on average 0.0641). Finally we look at the average amount per transaction, which in subfigure 5(c) is presented only as a division between payment orders with value higher than 10,000 and those orders with value lower than 10,000. In table 8 we present the statistical measures for the four subsets of transactions, which are shown as the total aggregated value of transactions. This data suggests that delayed payment orders of large value could have a significant impact on the liquidity usage through the day. 
Stressing the intraday liquidity
In this section we present the results of a simulation test aimed at evaluating the impact of low value payments on the settlement of large value payments, given that intraday liquidity is limited. In order to reproduce the operational conditions of SPEI, we use an artificial environment. We elaborate the simulation scenarios with the same 23 days of transactional data, which are structured in four sets, delimited according to their value: set one includes all payments; set two is a subset of payments with value higher than 100 MXN; set three is a subset of payments with value higher than 1,000 MXN, and finally set four is a subset of payments with value higher than 10,000 MXN. In table 9 we present the size of the subsets per day. We measure the effect of settling a large volume of low-value payments in real time by calculating the settlement delay of the large value for each subset previously defined. In order to perform the liquidity stress test, first, according to equation 4 we calculate for each of the subsets above the minimum required level of participants' funds, for which all transactions are settled for each subset. Here we assume that the settlement order of the transactions will not be modified, and that the number of payments will not be reduced by the changes in the intraday liquidity level. This is a very strong assumption, as other studies have proven that under conditions of stress, participants' behavior changes and not only the order the payments sent could change, but depending on how severe the stress conditions are, the most probable scenario could be to reduce significantly the volume of transactions [17] . Nevertheless, given that we do not have insights which would be the reaction of the participants in SPEI, we decided not to modify the volume of transactions, or the order of payments. Nevertheless due to the reduction of available liquidity, the structure analyzed in the previous sections is no longer the same. For our study, we use the simulator with transactions corresponding to each of the specified subsets and calculate the settlement delay for subsets two, three and four. Then we compare each one of them to the settlement delay of the first subset. In order to make the comparison more accurate, we include in each of the three cases only the payments corresponding to the transactions with higher value. Thus from the subset of all payments only the transactions with higher value are included, which correspond to the transactions of the compared subset. We present the comparison in the settlement delay in figures 6, 7 and 8. In addition in table 10 we present the average and the standard deviation of for the three cases of study in billions of MXN. We observe in figures 6, 7 and 8 and the average presented in table 10 that settlement delay is not significantly modified by the inclusion of low value payments. We notice that the sequence and the size of payments on a particular day are factors determined more significantly by the millions of MXN per minute delayed than by the division by value for the subsets of transactions. 
Conclusions
This is among the first studies of intraday liquidity analysis of the Mexican Large Value Payment System SPEI. This paper looks at the number of payments delayed from two perspectives. The first objective is to get further insight regarding the motivation of the participants in SPEI to delay payments under various operational conditions. The other is to evaluate the impact of low value payments in the settlement of large value payments under conditions of stress.
To that end we elaborate two case studies using thirty days of transactional data taken from SPEI between April 7 and May 7, 2010 corresponding to the payment orders performed from 9:00 a.m. to 17:00 p.m. each working day. Both cases are performed in an artificially created environment that reproduces the operational conditions of SPEI. The first case allows us to make observations on the emerging patterns of participants' behavior given the empirical evidence by dividing the transactions in four subsets determined by their value. In particular, for each of these subsets we look at three aspects of the payment orders -the histogram, the time structure of transactions, and the time structure for the number of payments delayed. We also include for each subset a weekday average and standard deviation in table 2 and daily average and standard deviation in table 3 . Furthermore, we calculate a correlation coefficient between the number of payments delayed and the number of payments processed. Those coefficients are presented in table 4.
What we conclude from our observations is that a clear weekly regularity is observed in the volume of payments with value lower than 1,000 MXN. With respect to the volume of large payments this pattern is not observed. Further, regarding the time structure throughout the day for sending payments, we observe that it follows different patterns for large and low value payments. In particular we can divide the transactions into three categories -payments lower than 1,000, transactions between 1,000 and 10,000 and payment requests higher than 10,000. Moreover, the majority of large value payments are sent during morning operational hours, in which a high correlation coefficient between delayed payments and number of payments processed, is observed. On the other hand low value payments have a peak observed between 13:00 and 14:00, which is negatively correlated with the number of payments delayed during this hour.
The second case study has allowed us to evaluate the settlement delay of millions of MXN per minute delayed measured under conditions of limited intraday liquidity. According to the results, we have observed that low value payments do not increase the settlement delay. Furthermore, what determines the level of are the sequence and the size of payment orders on a particular day, primary determined by the large value payments.
As a final remark, we believe that more studies related to the intraday liquidity management are required in order to get further insights on participants' behavior. One possible extension to the present work could be to analyze intraday liquidity usage in relation to the observed delayed payments. We also could apply the empirical analysis to a more extensive period of time, which statistically will be more accurate.
